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SUSTAINED RELEASE FORMULATION 



FIELD OF THE INVENTION 

5 This invention relates to formulations for delivering biologically active agents to a 
human or an animal, and in particular it relates to sustained release formulations which 
may be implanted into a human or an animal for the prolonged delivery of a biologically 
active agent. 

10 BACKGROUND 

For many biologically active agents a preferred form of dosage is by means of the 
sustained release of the agent into the animal to be treated. A variety of polymeric 
implants are useful as delivery systems, but there is an ongoing need for improved 
delivery systems to be available for the treatment of both humans and animals. 

15 

It is particularly important in the treatment of livestock that biologically active agents 
can be administered for a prolonged period by way of a single dose, thereby avoiding 
the mustering of stock at regular intervals. 

20 In particular the avermectins and milbemycins are anthelmintic groups of drugs with a 
broad spectrum of activity against many parasites found in livestock. At present they 
are usually administered as either a sub-cutaneous injection, an oral drench, or a pour- 
on. These forms of administration are not designed to deliver the anthelmintic agent 
over a prolonged period of time, and consequently blood levels of the anthelmintic are 

25 not sustained. This results in a limited period of anthelmintic activity and the need to 
dose the animals frequently to obtain ongoing and complete protection. Frequent 
dosing of livestock is onerous under pastoral conditions. Consequently, a formulation 
which, with one dose, could sustain the blood levels of the anthelmintic over a 
prolonged period would be of great value. One difficulty is that avemnectins and 

30 milbemycins are very insoluble, and generally dissolve too slowly when administered 
under the skin to be useful. If they are first dissolved in an oil the rate of release can be 
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increased, but the maximum period of protection obtainable by this method may be up 
to only 20 days, and regular treatment would still be required. 

OBJECT 

5 It is an object of the present invention to provide an improved formulation for the 
sustained delivery of a biologically active agent, or at least to provide the public with a 
useful choice. 

STATEMENT OF INVENTION 

10 In one aspect the Invention comprises a formulation for the sustained release of a 

biologically active agent, including an effective amount of at least one biologically 

active agent dissolved in and/or mixed with a carrier, said carrier being a substance 

which is solid or semi-solid at normal room temperature and pressure, but which melts 

in range of 35 to 100X. 
1 5 Preferably the biologically active agent is an anthelmintic. 

Preferably the carrier is a polymer having a molecular weight greater than 1000. 

More preferably the carrier is present in the range from 20% w/w to 80% w/w. 

Preferably the active agent is present in the range from 20% w/w to 80% w/w. 

In a related aspect the invention comprises a solid or semi-solid implant for the 
20 sustained release of the biologically active agent, said implant including an effective 

amount of at least one biologically active agent dissolved in and/or mixed with a 

carrier, said carrier being a substance which is solid or semi-solid at normal room 

temperature and pressure, but which melts in the range 35 to 100°C. 

Preferably the solid or semi-solid implant is adapted to provide an initially high rate of 
25 release of the biologically active agent for a short time, followed by a slower rate of 

release at a prolonged period of time. 
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More preferably the active is present in the implant at a level of 50% w/w or greater 

and the carrier is present at a level of 20% w/w or greater. 

More preferably the implant is designed to be inserted subcutaneously. 

In a further aspect the invention provides a method of providing for the sustained 
5 release of a biologically active agent into a human or animal body, which includes 
placing a solid or semi-solid implant into said body, said implant including an effective 
amount of at least one biologically active agent dissolved in and/or mixed with a 
carrier, said carrier being a substance which is solid or semi-solid at normal room 
temperature and pressure, but which melts in the range 35 to 100^C. 

10 

By wet granulation is meant the process whereby the active agent, in powder form, is 
mixed thoroughly with the carrier polymer, which has previously been dissolved in 
water Wet granules are formed, which are then dried. The granules may then be 
blended with the usual excipients used in the formation of tablets. Magnesium stearate 
15 and Aerosil 200, are known in this regard. Other additives may also be added at this 
point. This mixture can then be compressed into tablets or implants having the desired 
weight and size by using well-known techniques. 

By melt granulation is meant a process essentially similar to wet granulation, but in this 
20 case the active agent, in powder form, is optionally warmed, and then mixed with the 
carrier polymer which has been warmed and melted. 

It has been found that the most suitable carriers are solid or semi-solid at 35®C and 
melt below lOO^C. If the temperature at which the carrier melts becomes too high then 
25 there is a danger that, in the formation of the implant, the biological activity of the 
active ingredient will be destroyed. 

While a variety of polymers are suitable for the formulation of the invention, both 
polyvinyl pyrrolidone, (PVP), or polyethylene glycol, (PEG) are known to be suitable, 
30 especially when the biologically active agent is an anthelmintic, and in particular, 
abamectin. A number of PEG polymers of the general fomriula H(OCH2CH2)rtOH exist, 
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and the most suitable for this invention are those with an average molecular weight 
greater than about 1000. in particular PEG 1500, PEG 2000, PEG 4000, PEG 6000 
and PEG 20000. 

5 It has been found that by carefully controlling the ratio of the polymer to the biologically 
active agent the rate of release of the active can be controlled. In particular it has been 
found that by reducing the percentage of a carrier such as PEG to below about 40% 
w/w but preferably below 20% w/w and increasing the percentage of the active agent, 
such as abamectin, to above about 60% w/w and preferably to about 80% w/w, an 
10 initially large amount of the active agent is released for the first 10 to 20 days, followed 
by a lower amount being steadily released over a prolonged period of time. 

It is thought that when the implant is formed, some, but not all, of the active agent 
dissolves in the carrier polymer. The active agent which is dissolved is released 

15 relatively quickly, as the polymer enhances the availability of it to the human or the 
animal body. When all the polymer has gone, the remaining active agent, which was 
not dissolved, continues to be released more slowly on the basis of its physical and 
chemical properties. If the active agent belongs to the group of the avermectins or 
milbemycins, the insoluble nature of the compound becomes an advantage as the 

20 release of the active agent is relatively slow as a consequence. 

The rate of release of the active dissolved in the carrier can be varied by selecting a 
carrier with a higher or lower melting point, for example PEG 20000 instead of PEG 
1500. 

25 

It is envisaged that the rate of release of the active, not dissolved in the carrier, can be 
enhanced, if necessary. The dissolution rate of any active can be engineered or 
manipulated by various well-known techniques, making it possible to optimise the 
release rate of the active agent by applying those techniques in conjunction with the 
30 known physical properties of the active agent, Micronisation of the active powder, 
inclusion of a surfactant, and the use of a disintegrating agent are three such 
techniques. In particular, it appears that the highly insoluble nature of abamectin is 
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advantageous in this context, in that it assists in the slower, subsequent release of this 
active, and it allows for optimisation of the rate of its release in conjunction with the 
techniques available, especially micronisation and the use of a disintegrating agent or 
surfactant. 

5 

It is particularly desirable that the carrier is biodegradable. If this is the case then once 
all the biologically active agent has been released there should be no residue left 
within the body of the animal or human, allowing for the successive use of implants 
without any long term detrimental effects. 

10 

The most suitable biologically active agents are those with a high activity and low 
required dose rate. Examples of biologically active agents which could be used, either 
singly or in combination, are: anthelmintics, anti-inflammatories, anti-bacterials, anti- 
parasitic agents, anti-virals, anti-fungals, analgesic agents, vaccines and others. 

15 

PREFERRED EMBODIMENTS 

The above and other aspects of the invention which should be considered in all its 
novel aspects will be apparent from the following examples. 

20 

Example 1. 

An implant having a total weight of 250mg, and a diameter of 5mm, and a thickness of 
about 3mm. was prepared from 50mg of abamectin and 200mg PEG 2000, (20% w/w 
abamectin, 80% w/w PEG 2000). The implant was prepared by melt granulation and 
25 granulation. The implant is suitable for subcutaneous insertion in the ear of an animal. 

Example 2. 

An implant as described in Example 1, but containing 125mg of abamectin and 125mg 
PEG 2000, (50% w/w abamectin and 50% w/w PEG 2000). 



30 
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Exampi 3. 

An implant as described in Example 1, but containing 167.5mg of abamectin and 
82.5mg PEG 20000, (67% w/w abamectin and 33% w/w PEG 20000). 

5 

Example 4. 

An implant as described in Example 1, but containing 200mg of abamectin and 50mg 
PEG 20000. (80% w/w abamectin and 20% w/w PEG 20000). 

10 Examples. 

An implant as described in Example 4 containing 200mg of abamectin and 50mg PEG 
20000. (80% w/w abamectin and 20% w/w PEG 20000), but which has been prepared 
by means of wet granulation and compression. 

15 Examples. 

An implant as described in Example 3 containing 167.5mg of abamectin and 82.5mg 
PEG 20000, (67% w/w abamectin and 33% w/w PEG 20000), but which has been 
prepared by means of wet granulation and compression, 

20 Example 7 

An implant having a total weight of 250mg, and a diameter of 5mm, and a thickness of 
about 3mm, was prepared from 50mg of ivermectin and 200mg PEG 20000, (20% w/w 
ivermectin, 80% w/w PEG 20000). The implant was prepared by melt granulation and 
granulation. The implant is suitable for subcutaneous insertion in the ear of an animal. 

25 

Example 8. 

An implant as described in Example 7, but containing 125mg of ivermectin and 125mg 
PEG 20000. (50% w/w ivermectin and 50% w/w PEG 20000). 



30 



Example 9. 
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An implant as described in Example 7, but containing 167.5mg of ivemnectin and 
82.5mg PEG 20000, (67% w/w ivemiectin and 33% w/w PEG 20000). 



TRIAL DATA 
5 1 . Selection of Polymer 

Initial trials were conducted to select the most suitable polymers for the in vivo animal 
studies to be conducted. These trials lead to the selection of PEG (polyethylene glycol) 
and PVP (polyvinyl pynrolidone) as the most promising polymers to be used. The trials 
investigated the release of abamectin from a series of formulations with different 
10 percentages of carrier to abamectin. The first set focussed on PVP as the carrier, the 
second used PEG. For the purposes of this study PEG 20000 was used. 
The results are displayed in Figures 1 and 2 respectively. 

Figure I : Abamectin release as a function of time at different PVP concentrations. 
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Figure 2: Abamectin release as a function of time at different PEG concentrations. 
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Based on these results it was decided to use only PEG 20000 for the in vivo study. 
2. In Vivo Testing of Implants - First study 

Three formulations, A. B, and C were initially selected and prepared for study. Implants 
weighing 250mg and about 5mm in diameter were prepared from the formulations, and 
implanted into the base of the ear of a sheep. The compositions of A, B and C were: 
A - 20% w/w abamectin and 80% w/w PEG 20000 
B - 50% w/w abamectin and 50% w/w PEG 20000 
C - 67% w/w abamectin and 33% w/w PEG 20000 
All the formulations were prepared by melt granulation. 

The following TABLE 1 and associated graph, give the concentration of active in the 
plasma, in ng/mL over days 3 to 70. 



Table 1: Concentration of abamectin in plasma (ng/mL) 





Day 


3 


7 


14 


21 


35 


49 


70 


Formul 
a 


Sheep 
















A 


1 


10 


19.4 


14.7 


6.7 


15.4 


5.6 


1.6 


2 


5.2 


4.1 


11.9 


10.2 


10.9 


6.5 


1.6 


3 


3.5 


4.7 


19.4 


20 


10.9 


11.1 


2.99 


Mean ± 
SD 


6.2i:3.4 


9.4±8.7 


15.3-3. 
8 


12.3±6. 
9 


12.4±2. 
6 


7.7±3.0 


2.0±0.8 


B 


1 


20.5 


19.4 


14.0 


18.0 


8.6 


5.6 


1.6 


2 


19.4 


17.5 


18.8 


12.7 


10.9 


5.6 


4.0 


3 


1.4 


14.1 


16.0 


16.7 


14.7 


5.6 


5.2 


Mean t 
SD 


14.7±9. 
2 


17.0±2. 
7 


16.2±2. 
4 


15.8±2. 
8 


11.4±3. 
1 


5.6±0 


3.6±1.8 


C 


1 


5.2 


24.7 


31.8 


12.7 


7.9 


4.7 


2.9 


2 


10.5 


17.6 


9.9 


6.0 


5.6 


0 


0 


3 


8.2 


8.8 


3.7 


6.0 


2,6 


1.1 


0 


Mean ± 
SD 


8.0±2,7 


17.0±8. 
0 


15.1 ±4. 
8 


8.2±3.9 


5.4±3.9 


1.9±2.5 


1.0-1.7 
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Table 2: Pharmakokinetic Parameters of Abamectin Implants 



Parameters 


Formulation A 


Formulation B 


Formulation C 


Cmax (ng/mL) 


17.0±4.4 


18.8*2.1 


19.4*11.6 


Tmax (days) 


14*7 


9*10 


9*4 


AUG ng mL'^ day 


641.5±122.9 


721.2*19.2 


415.2*237.9 



5 Figure 3: Time Course for Abamectin Implant 
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15 3. /n vivo Testing of Implants - Second Study 

Group 1: two implants, 33mg abamectin and 20% PEG 20000. 
Group 2: three implants, 50mg abamectin and 20% PEG 20000. 
Group 3: two implants 33mg abamectin and 20% PEG 20000. 
20 Group 4: three implants 50mg abamectin and 20% PEG 20000, 

Group 1 and 2 used small abamectin particles whereas those used in Groups 3 and 4 
were large. 

25 



30 
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Table 3: The plasma abamectin concentration (ng/mL) versus time data for each sheep. 





u/oy 

Shee 
p 


0 


2 


4 


8 


15 


21 


35 


49 


87 


Group 
r 


1 


0.0 


2.6 


2.2 


28.6 


19.5 


12.4 


2.0 


0.4 


6.8 


2 


0.0 


0.6 


1.1 


11.4 


10.5 


15.8 


4.8 


6.0 


0.0 


3 


0.0 


2.6 


1.9 


8.0 


28,5 


13.5 


3.1 


4.1 


0.0 


4 


0.0 


0.9 


0.8 


10,0 


14.1 


26.8 


24.0 


8.8 


0.0 


Group 
2 


1 


0.0 


6.0 


2.8 


7.6 


31.2 


24.6 


13.3 


10.5 


0.0 


2 


0.0 


7.1 


19.5 


45.4 


21.6 


17.8 


5.7 


7.8 


0.0 


3 


0.0 


4.0 


4.0 


30.4 


23.9 


14.4 


6.8 


4.8 


7.1 


4 


0.0 


2.74 


5.4 


12.9 


18.3 


21.5 


5.1 


7.1 


0.0 


Group 
3 


1 


0.0 


4.3 


10.6 


23.3 


33.4 


21.5 


11.3 


7.5 


2.2 


2 


0.0 


3.7 


0.9 


15.2 


17.7 


14.4 


5.9 


2,5 


0.0 


3 


0.0 


0.8 


1.2 


11.2 


35.0 


11,3 


7.4 


6.0 


8.6 


4 


0.0 


1.2 


0.8 


0.0 


33,7 


38.3 


13.3 


6.7 


6.1 


Group 
4 


1 


0.0 


2.0 


1.2 


6.0 


17.5 


18.9 


9.8 


4.6 


0.0 


2 


0.0 


1.2 


2.3 


10.2 


24,9 


26.6 


25.3 


12.9 


5.6 


3 


0.0 


1.6 


2.5 


7.9 


24.7 


15.5 


9.8 


9.2 


0.0 


4 


0.0 


3.7 


4.0 


5.6 


21.6 


26,4 


7.7 


4.6 


0.0 



* Value of abamectin concentration are mean, n=2 



5 



Table 4: Pharmacokinetics Parameters of Abamectin Implant 

Parameters Group 1 Group 2 Group 3 Group 4 



Cmax 


24.9±6.1 


26.2±5.4 


22.8±10.9 


22.6±4.5 


(ng/mL) 










Tmax (day) 


15,7±7.1 


14.3±6.2 


18.0±3.5 


19.5±3.0 


AUC 


636.2±249.1 


168.5*187.2 


726.1 ±172.3 


895.6±381.7 



10 
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Tabie 5: Egg counts. 

Groups Sheep Day 0 Day 2 Day 4 Day 8 Day 15 Day 21 Day 35 Day 49 Day 87 



Code No 



1.1 


167 


5 


0 


0 


0 


5 


15 


15 


90 


15 


1.2 


155 


35 


10 


15 


0 


15 


25 


5 


5 


10 


1.3 


150 


105 


10 


10 


0 


155 


55 


10 


0 


10 


1.4 


166 


5 


0 


70 


5 


5 


10 


10 


5 


45 




Mean 


37.5 


5 


23.75 


1.25 


45 


26.25 


10 


25 


20 




S.D. 


47.2 


5.6 


31.5 


2.5 


73.5 


20.2 


4.1 


43.4 


10.0 




% 


125.6 


115.5 


132.5 


200.0 


163.3 


76.8 


40.8 


173.6 


84.2 




Variation 




















2.1 


163 


60 


5 


0 


5 


5 


45 


10 


100 


5 


2.2 


164 


0 


0 


0 


5 


0 


0 


0 


0 


IS 


2.3 


150 


5 


0 


0 


0 


0 


0 


0 


25 


0 


2.4 


165 


0 


50 


0 


0 


10 


5 


5 


0 


5 




Mean 


18.25 


13.75 


0 


2.5 


3.75 


12.5 


375 


31.25 


6.25 




S.D. 


29.3 


24.3 


0.0 


2.9 


4.8 


21.8 


4.8 


47.3 


6.3 




% 


180.1 


176.6 


0.0 


115.5 


127.7 


174.4 


127.7 


151.4 


100.7 




Variation 




















3.1 


156 


100 


10 


0 


10 


5 


0 


0 


0 


30 


3.2 


162 


0 


5 


5 


0 


10 


5 


5 


0 


55 


3.3 


161 


10 


0 


0 


0 


25 


0 


0 


0 


5 


3.4 


154 


25 


15 


0 


5 


10 


5 


5 


20 


20 




Mean 


33.75 


7.5 


1.25 


3.75 


12.5 


2.5 


2.5 


5 


27.5 




S.D. 


45.3 


6.5 


2.5 


4.8 


8.7 


2.9 


2.9 


10.0 


21.0 




% 


134.4 


86.1 


200.0 


127.7 


69.3 


115.5 


115.5 


200.0 


76.4 




Variation 




















4.1 


152 


10 


5 


0 


5 


185 


0 


0 


0 


30 


4.2 


158 


20 


10 


55 


0 


10 


0 


0 


10 


15 


4.3 


157 


10 


5 


20 


5 


5 


5 


5 


0 


25 


4.4 


151 


20 


0 


10 


0 


60 


15 


15 


25 


35 




Mean 


15 


5 


31.25 


2.5 


65 


5 


5 


8.75 


36.25 




S.D. 


5.8 


4.1 


23.9 


2.9 


83.6 


7.1 


7.1 


11.8 


8.5 




% 


38.6 


81.6 


112.6 


115.5 


128.9 


141.4 


141.4 


135.0 


32.5 




Variation 




















Control 
1 


153 


130 


235 


80 


75 


475 


125 


100 


125 


135 


Control 
2 


159 


65 


145 


105 


65 


305 


155 


160 


75 


155 




Mean 


59.8 


116.4 


80.4 


64.6 


248.2 


107.1 


102.1 


86.7 


82.8 




S.D. 


52.7 


97.8 


40.1 


46.6 


178.8 


67.8 


68.2 


56.4 


73.0 




% 


88.1 


84.0 


49.9 


72.1 


72.1 


63.3 


66.7 


65.1 


88.2 



Variation 



wo 99/51201 



PCT/NZ99/00037 



-12- 



Fig 4: The mean plasma concentration of abamectin (n=4) after the dosing abamectin implant from the 
four formulations studied. 




ADVANTAGES OF PREFERRED EMBODIMENTS 

In the sustained delivery of biologically active agents, and in particular anthelmintics, it 
is often desirable to have a large amount of the active agent released initially, followed 
30 by a smaller amount released steadily over a prolonged period of time. In the past it 
has only been possible to achieve two different rates of release of an active agent by 
means of two tablets sandwiched together. In certain of the preferred embodiments of 
this invention it is now possible to achieve this dual rate of release from a single 
dosage, by way of the implant of this invention. 

35 

In particular it has been discovered that biologically active agents such as avermectins 
or milbemycins, can be formulated into a single sustained release formulation in which 
the active is able to be released slowly over a prolonged period of time, but which may 
also deliver an initial boost of the biologically active agent in the immediate period after 
40 dosing. 
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VARIATIONS 

In addition to changing the ratio of the active to carrier, the rate of release of the active 
5 can also be manipulated by changing the carrier to one with a higher or lower melting 
point. This will affect the rate of dissolution of the carrier and consequently the rate of 
release of the dissolved active. 

The active in the fonnulation may be micronised or alternately a disintegrating agent 

may be included in the formulation. This would help prolong the activity of the non 
10 dissolved active. Alternately the release in the second phase may be prolonged by 

delaying the release of PEG by using a higher molecular weight PEG, complexing the 

PEG or using a coat which is released after 40 to 50 days. 

Alternatives to PEG may be useful in prolonging this second phase. 

Finally it will be appreciated that various other alterations and modifications may be 
1 5 made to the foregoing without departing from the scope of the invention. 
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WHAT WE CLAIM IS: 

1 . A formulation for the sustained release of a biologically active agent, including an 
effective amount of at least one biologically active agent dissolved in an/or mixed 
with a carrier, said carrier being a substance which is solid or semi-solid at normal 

5 room temperature and pressure, but which melts in the range of 35 to 100X. 

2. A formulation as claimed in claim 1 wherein, the biologically active agent is an 
anthelmintic. 

3. A formulation as claimed in any prior claim wherein the carrier is a polymer 
having a molecular weight greater than 1000. 

10 4. A formulation as claimed in any prior claim wherein the carrier is present in the 
range from 20% w/w to 80% w/w. 

5. A formulation as claimed in any prior claim wherein the active agent is present in 
the range from 20% w/w to 80% w/w. 

6. A solid or semi-solid implant for the sustained release of the biologically active 
15 agent, said implant including an effective amount of at least one biologically 

active agent dissolved in and/or mixed with a carrier, said carrier being a 
substance which is solid or semi-solid at nomrial room temperature and pressure, 
but which melts in the range 35 to 100°C. 

7. An implant as claimed in claim 6 wherein, the solid or semi-solid implant is 
20 adapted to provide an initially high rate of release of the biologically active agent 

for a short time, followed by a slower rate of release at a prolonged period of 
time, 

8. An implant as claimed in claim 7 wherein the active is present at a level of 50% 
w/w or greater and the carrier is present at a level of 20% w/w or greater. 
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9. An implant as clainried in claims 6, 7, or 8 wherein the implant is designed to be 
inserted subcutaneousiy. 

10. A method of providing for the sustained release of a biologically active agent into 
a human or animal body, which includes placing a solid or semi-solid implant into 

5 said body, said implant including an effective amount of at least one biologically 
active agent dissolved in and/or mixed with a carrier, said carrier being a 
substance which is solid or semi-solid at normal room temperature and pressure, 
but which melts in the range 35 to 100^C. 
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